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CHAPTER IV
RESULTS AND DISCUSSION

T h e  re su lts  o f  th is  th e s is  a re  sh o w n  an d  d isc u sse d  in  th is  c h a p te r  in  
c o n n e c tio n  w ith  in fo rm a tio n  fro m  th e  p u b lish e d  lite ra tu re  a n d  h a n d b o o k . T h e  
in f lu e n c e  o f  c y c lo h e x y lm e th y ld im e th o x y s ila n e (C H M D M S ) c o n c e n tra tio n  o n  
e th y le n e  p ro p y le n e  ra n d o m  c o p o ly m e r p ro p e rtie s  a re  d e p ic te d  in  F ig u re  4 .1  to  
F ig u re  4 .6  w h ile  th e  in f lu e n c e  o f  e th y le n e  c o n te n t a re  d e s c r ib e d  in  F ig u re  4 .7  
to  F ig u re  4 .1 2 . T h e  e x p e rim e n ta l d a ta  o f  th e  p re se n t s tu d y  a re  s u m m a riz e d  in  
th e  A p p e n d ix .

4.1 Effect of Ethylene Content

4 .1 .1  E ffe c t o f  E th y len e  C o n te n t on  Iso ta c tic  In d e x
F ro m  F ig u re  4 .1 , it c an  b e  seen  th a t th e  a d d itio n  o f  e th y le n e  c a u se s  a 

d e c re a s in g  ra te  o f  iso ta c tic  in d e x  fo r  all d if fe re n t C H M D M S  c o n c e n tra tio n s . 
T h e  m a x im u m  v a lu e  o f  iso ta c tic  in d e x  is  o b se rv e d  fo r  p o ly m e r  w ith o u t 
e th y le n e . I s o ta c tic  in d e x  d ec re a se s  w h e n  e th y le n e  c o n te n t in  th e  c o p o ly m e r  
in c re a se s . T h e  d if fe re n t s lo p es  o f  th e  fo u r lin e s  in  F ig u re  4 .1  sh o w  th a t  as  th e  
e th y le n e  c o n te n t in c re a se s , an  in c re a s in g  o f  C H M D M S /T i in  th e  c a ta ly s t  
sy s te m  c a n  re ta rd  th e  d ec lin a tio n  o f  c o p o ly m e r iso ta c tic ity .

In  th is  e x p e rim e n t, i t  is th o u g h t th a t e th y le n e  m o n o m e r  h e lp s  to  c re a te  
n e w  a c tiv e  s ite s . A s a  c o n se q u e n ce , th e  n e w  a c tiv e  s ite s  p ro m o te  a  g ro w in g  
c h a in  w ith  o u t sp e c if ic  p o ly m e riz a tio n  to  e th y le n e  o r  p ro p y le n e . S o  th e  
in c re a s in g  o f  e th y le n e  w ill re su lt  in  the  d e c re a s in g  o f  is o ta c tic  in d e x .

M o o re (1 9 9 6 )  e x p la in e d  th a t “w h e n  p ro p y le n e  is  c o p o ly m e riz e d  w ith  
sm a ll a m o u n ts  o f  e th y le n e  in  Z ie g le r -N a tta  c a ta ly s t  sy s te m s , its  
p o ly m e r iz a tio n  ra te  is in c reased . T h is  b e h a v io r  m a y  b e  a c c o u n te d  fo r  b y
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Figure 4.1 E ffec t o f  e th y le n e  c o n te n t on  iso ta c tic  ind ex .
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a s su m in g  th a t  p ro p y le n e  in se r tio n  in  th e  T i-c a rb o n  b o n d  is e a s ie r  w h e n  an  
e th y le n e  u n it  is b o n d e d  to  th e  tra n s itio n  m e ta l, o r th a t th e  e th y le n e  in se r tio n  
a f te r  a  re g io ir re g u la r  p ro p y le n e  in se r tio n  re a c tiv a te s  a d o rm a n t s ite .”

4 .1 .2  E ffe c t  o f  E th y le n e  C o n te n t on  M e ltin g  T e m p e ra tu re
E th y le n e  is th e  m o s t c o m m o n  c o m o n o m e r w ith  p ro p y le n e  fo r  

p ro d u c in g  ra n d o m  co p o ly m e r. T h is  c o p o ly m e r p ro v id e s  a  lo w e r  m e ltin g  p o in t, 
u s u a l ly  fo r  th e  h e a t-se a la b le  la y e r  o n  th e  la m in a te d  film . A s  sh o w n  in  F ig u re
4 .2 , a t an y  c o n s ta n t C H M D M S /T i u se d ( i.e ., 2 8 , 64 , 100, 136 w t/w t) , th e  
m e ltin g  te m p e ra tu re  d e c re a se s  w ith  th e  in c re a se  o f  e th y le n e  c o n te n t a n d  its  
v a lu e  is  n e a r ly  th e  sa m e  a t e a c h  e th y le n e  c o n ten ts . S o  it  c an  b e  c o n s id e re d  th a t 
th e  re d u c tio n  in  m e ltin g  te m p e ra tu re  is m a in ly  re la te d  to  th e  e th y le n e  c o n te n t 
in  c o p o ly m e r. I t  is  in te re s tin g  to  n o te  h e re  th a t b y  h a v in g  3 .3 m o l%  o f  e th y le n e , 
th e  c o p o ly m e r’s m e ltin g  te m p e ra tu re  re d u c e s  to  a b o u t m e ltin g  te m p e ra tu re  o f  
h ig h  d e n s ity  p o ly e th y le n e . M o re o v e r, an  in s ig n if ic a n t c h a n g e d  in  m e ltin g  
te m p e ra tu re  d is tr ib u tio n  w ith  an  in c re a se  in  e th y le n e  is o b se rv e d  as sh o w n  in  
T a b le  2 .6 .

M o o re (1 9 9 6 ) d e sc r ib e d  th a t th e  in tro d u c tio n  o f  a  c o m o n o m e r  in to  th e  
p o ly m e r ic  c h a in  c re a te d  a d isc o n tin u ity  th a t sh a rp ly  re d u c e d  th e  c ry s ta ll iz a tio n  
a n d  re su lte d  in  a  re d u c tio n  o f  m e ltin g  tem p e ra tu re .

4 .1 .3  E ffe c t o f  E th y len e  C o n te n t on  C ry s ta lliz a tio n  T e m p e ra tu re
B e lo w  an  e th y le n e  c o n te n t 2 .3  m o l% , th e  in c re a se  in  a m o u n t o f

e th y le n e  d o e s  n o t a ffe c t th e  c ry s ta lliz a tio n  te m p e ra tu re . So  th e  d isc o n tin u ity  in  
th e  c o p o ly m e r  c h a in  m a y  h a v e  o n ly  a sm all e ffe c t o n  c ry s ta lliz a tio n . H o w e v e r , 
a b o v e  an  e th y le n e  c o n te n t 2 .3  m o l% , th e  c ry s ta lliz a tio n  te m p e ra tu re  te n d s  to  
d e c re a se  w ith  in c re a s in g  e th y le n e  co n ten t. T h is  p h e n o m e n o n  can  b e  e x p la in e d  
th a t  a t a h ig h  e n o u g h  a m o u n t o f  e th y le n e , th e  d isc o n tin u ity  in  c o p o ly m e r 
c h a in s  w ill a ffe c t p o ly m e r c ry s ta lliz a tio n  as i llu s tra te d  in  F ig u re  4 .3 . In
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ad d itio n , in s ig n if ic a n t e ffe c t on  c ry s ta lliz a tio n  te m p e ra tu re  d is tr ib u tio n  can  be  
seen  in T a b le  2 .6 .
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Figure 4 .2  E ffe c t o f  e th y le n e  c o n ten t on  m e ltin g  te m p e ra tu re .
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F ig u r e  4 .3  E ffe c t o f  e th y le n e  c o n ten t on  c ry s ta lliz a tio n  te m p e ra tu re .
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Table 2.6 E ffe c t o f  e th y le n e  co n ten t on m e ltin g  te m p e ra tu re  and  

c ry s ta lliz a tio n  tem p e ra tu re  d is trib u tio n .

C H M D M S /T i e th y le n e  co n ten t T m (C ) T c (C )
(w t/w t) (% m o l) s ta rted p eak en d ed s ta rted p e a k e n d e d

28 0.0 93 160 156 112 113 56
28 1.0 95 157 158 114 111 56
28 2.3 92 148 165 113 110 54
28 3.3 95 141 162 113 95 53
64 0.0 109 161 160 125 114 63
64 1.0 106 156 160 123 112 63
64 2.3 106 148 160 125 110 63
64 3.3 110 142 157 123 96 63

100 0.0 127 161 167 127 115 68
100 1.0 123 156 165 126 111 68
100 2.3 123 149 165 126 111 68
100 3.3 118 142 165 126 97 68

136 0.0 133 161 170 128 111 63
136 1.0 129 157 170 125 112 63
136 2.3 137 146 170 126 109 63
136 3.3 137 142 169 126 97 63
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4 .1 .4  E ffe c t o f  E th y le n e  C o n te n t on  P o ly m e r M o le c u la r  W e ig h t
T h e  G P C  re su lts  o f  w e ig h t av e ra g e  m o le c u la r  w e ig h t, n u m b e r  a v e ra g e  

m o le c u la r  w e ig h t, p o ly d isp e rs ity  a re  p re se n te d  in F ig u re  4 .4 , F ig u re  4 .5 , an d  
F ig u re  4 .6 , re sp e c tiv e ly .

It c an  b e  c o n c lu d e d  th a t p o ly m e r p ro d u c e d  w ith  an  a d d itio n  o f  
e th y le n e  fro m  0 .0  to  2 .3  m o l%  h a v e  th e  sam e  q u a lity  in  te rm s  o f  w e ig h t 
a v e ra g e  m o le c u la r  w e ig h t, n u m b e r  av e ra g e  m o le c u la r  w e ig h t, an d  
p o ly d isp e rs ity . H o w e v e r, a t an  e th y le n e  c o n te n t o f  3 .3  m o l% , th e  w e ig h t 
a v e ra g e  m o le c u la r  w e ig h t in c re a se s  w h ile  th e  n u m b e r  a v e ra g e  m o le c u la r  
w e ig h t d e c re a se  an d  th is  re su lts  in  b ro a d e r p o ly d isp e rs ity .

A d d in g  e n o u g h  a m o u n t o f  e th y le n e  can  p ro lo n g  p o ly m e riz a tio n  
le a d in g  to  lo n g e r  ch a in , i.e . h ig h e r M W  as w ell a s  p ro d u c e  m o re  a m o u n t o f  
p o ly m e r  ch a in s .
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Figure 4.4 Effect o f ethylene content on weight average of polymer
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Figure 4.5 E ffe c t o f  e th y le n e  c o n te n t on  n u m b e r a v e ra g e  o f  p o ly m e r  
m o le c u la r  w e ig h t.
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Figure 4.6 Effect of ethylene content on polydispersity.
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4.2 .1  E ffe c t o f  C H M D M S  C o n c e n tra tio n  on  Iso ta c tic  In d e x
T h e  e ffe c t o f  C H M D M S  c o n c e n tra tio n  is in v e s tig a te d  b y  c h a n g in g  

c y c lo h e x y lm e th y ld im e th o x y s ila n e  p e r  tita n iu m  in w e ig h t ra tio  (C H M D M S /T i)  
fro m  28  to  136. F ig u re  4 .7  sh o w s th a t an in c re a se  in C H M D M S /T i in 
c o p o ly m e riz a tio n  re su lts  in in c re a s in g  p o ly m e r iso ta c tic ity . X u  et a / .(1 9 9 7 )  
u se d  D P D M S  (d ip h a ta la te d im e th o x y s ila n e )  as an  e x te rn a l e le c tro n  d o n o r  on 
h o m o p o ly m e r an d  fo u n d  th e  sam e  re su lt o f  an  in c re a s in g  iso ta c tic  in d ex .

A s  d isc u sse d  in th e  e ffe c t o f  e th y le n e , th e  a m o u n t o f  C H M D M S  ad d e d  
w ill in te ra c t w ith  th e  n ew  ac tiv e  sites  an d  p ro d u c e  m o re  iso ta c tic  p o ly m e r.

4 .2 .2  E ffe c t o f  C H M D M S  C o n c e n tra tio n  on  M e ltin g  T e m p e ra tu re
T h e  in d e p e n d e n c e  o f  m e ltin g  te m p e ra tu re  o f  c o p o ly m e r on

C H M D M S /T i is i llu s tra te d  in F ig u re  4 .8 . A t ev e ry  lev e l o f  e th y le n e  c o n te n t in 
th e  c o p o ly m e r, th e  m e ltin g  te m p e ra tu re  re m a in s  c o n s ta n t a lth o u g h  
C H M D M S /T i ra tio  is c h a n g e d . It is p o ss ib le  th a t th e  e ffe c t o f  C H M D M S /T i 
on  s te re o re g u la r ity  c a u se  a  tin y  e ffe c t on  m e ltin g  te m p e ra tu re . In  th e  c o n tra ry , 
T a b le  2 .7  sh o w s  an  d e c re a se  in C H M D M S /T i re su lts  in in c re a s in g  o f  m e ltin g  
te m p e ra tu re  d is tr ib u tio n . S o  th e  a m o rp h o u s  p h a se  o f  c o p o ly m e r  h as  b een  
in c re a se d  as th e  d o n o r d ec re a se s .

4 .2 .3  E ffe c t o f  C H M D M S  C o n c e n tra tio n  on  C ry s ta lliz a tio n  
T e m p e ra tu re

T h e  e ffe c ts  o f  C F1M D M S /T i on c ry s ta llin e  te m p e ra tu re  lo o k s  s im ila r  
to  m e ltin g  te m p e ra tu re . F ig u re  4 .9  sh o w s th a t th e  c ry s ta llin e  te m p e ra tu re  d o e s  
n o t c h a n g e  w ith  in c re a se s  o f  C H M D M S /T i. F ro m  T a b le  2 .7  it can  be  se e n  th a t

4.2 Effect of Cyclohexylmethyldimethoxysilane(CHMDMS)
Concentration
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th e  c ry s ta lliz a tio n  te m p e ra tu re  d is tr ib u tio n  is sam e  b u t s ta r te d  T c  an d  en d e d  
T c a re  re d u c e d  w h e n  C H M D M S /T i b e lo w  64 w t/w t.

Ethylene content(mol%)

Figure 4 .7  E ffe c t o f  C H M D M S  c o n c e n tra tio n  on  iso ta c tic  in d ex .
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Figure 4.8 Effect of CHMDMS concentration on melting temperature.
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Ethylene content(mol%)

Figure 4.9 Effect of CHMDMS concentration on crystallization temperature.
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Table 2 .7  E ffe c t o f  C H M D M S  c o n c e n tra tio n  on m e ltin g  te m p e ra tu re  

an d  c ry s ta lliz a tio n  tem p e ra tu re  d is tr ib u tio n .

e th y le n e  c o n te n t C H M D M S /T i T m (C ) T c (C )
(% m o l) (w t/w t) s ta rted p ea k en d ed s ta rted p e a k en d e d

0.0 136 133 161 170 128 111 63
0.0 100 127 161 167 127 115 68
0.0 64 109 161 160 125 114 63
0.0 28 93 160 156 112 113 56

1.0 136 129 157 170 125 112 63
1.0 100 123 156 165 126 111 68
1.0 64 106 156 160 123 112 63
1.0 28 95 157 158 114 111 56

2.3 136 137 146 170 126 109 63
2.3 100 123 149 165 126 111 68
2.3 64 106 148 160 125 110 63
2.3 28 92 148 165 113 110 54

3.3 136 137 142 169 126 97 63

3.3 100 118 142 165 126 97 68

3.3 64 110 142 157 123 96 63
3.3 28 95 141 162 113 95 53
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4 .2 .4  E ffe c t o f  C H M D M S  C o n c e n tra tio n  on P o ly m e r M o le c u la r  
W e ig h t

F ig u re  4 .1 0 , F ig u re  4 .1 1 , and  F ig u re  4 .1 2  are  re su lte d  fro m  G P C  fo r 
w e ig h t a v e ra g e  m o le c u la r  w e ig h t, n u m b e r a v e ra g e  m o le c u la r  w e ig h t, and  
p o ly d isp e rs ity . F ro m  th e se  re su lts , the  d isc u ss io n  can  b e  d iv id e d  in to  tw o  p arts  
as fo llo w :

F o r  e th y le n e  c o n ten ts  b e lo w  2.3 m o l% , the  a d d itio n  o f  C H M D M S /T i 
h a s  n o t a ffe c te d  to  w e ig h t av e ra g e  m o le c u la r  w e ig h t, n u m b e r  a v e ra g e  
m o le c u la r  w e ig h t, an d  p o ly d isp e rs ity . So  the  p ro p e rtie s  o f  th e  p o ly m e r  in  te rm  
o f  m o le c u la r  w e ig h t d o  n o t c h a n g e  w h en  C H M D M S /T i in c re a se s .

F o r  th e  e th y le n e  c o n te n t ab o v e  2.3 m o l% , th e  w e ig h t av e ra g e  
m o le c u la r  w e ig h t in c re a se s  w h ile  the  n u m b e r a v e ra g e  m o le c u la r  w e ig h t 
d e c re a se s  w ith  in c re a s in g  C F IM D M S /T i. T h ese  tw o  e ffe c ts  re su lt  in  a b ro a d e r 
m o le c u la r  w e ig h t d is tr ib u tio n  and  th e re fo re  p o ly d isp e rs ity . T h is  m a y  re su lt 
fro m  th e  d isc o n tin u ity  o f  m o n o m e r in se rtio n  in th e  p o ly m e ric  c h a in . W h e n  the  
e th y le n e  c o n te n t is h ig h  en o u g h , an  in c rease  o f  C H M D M S /T i th a t a ffec ts  
p o ly m e r  s te re o re g u la r ity  can  d is tu rb  p o ly m e riz a tio n  by  m o d ify in g  m o re  
a m o u n ts  o f  c a ta ly s t an d  re su lt in h ig h  m o le c u la r  w e ig h t o f  th e  c o p o ly m e r.



We
igh

t a
ver

age
 of

 po
lym

er 
mo

lec
ula

r w
eig

ht

37

Figure 4.10 E ffe c t o f  C H M D M S  c o n c e n tra tio n  on w e ig h t a v e ra g e  
o f  p o ly m e r m o le c u la r  w eig h t.
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Figure 4.11 E ffec t o f  C H M D M S  c o n c e n tra tio n  on  n u m b e r  a v e ra g e  o f  
p o ly m e r m o le c u la r  w eig h t.
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Ethylene content(mol%)

Figure 4 .1 2  E ffe c t o f  C H M D M S  c o n c e n tra tio n  on  p o ly d isp e rs ity .
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